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FESLA L KRR K IR | &
BERMRHZERNRERAT gy KRBT wns

A H R YRS /P — R ams, ATSME S - AT AEATEDETE T — JLT5k, Gexcon il i % 4
(g = %ﬁ{g‘@\ thﬂuﬁ‘ﬁ,ﬁ:*néﬁ BT B R AR AL Gexcon carries out testing, L, AR AR EF IR T
“M“ﬁﬂ&%) Gexcon offers a wide variety of safety certification, and commercial research @%E@%ik%[l'ﬁ . .
. . . Gexcon has built up unique expertise
software for dispersion, explosion and _ T R /N BRI 58 1 14 4% in the field of safety and risk
An integrated 3 pproach fire modelling of various substances Facilities for large-scale and management by conducting safety
— XEETHAFEEREAENTHE, ¢ small-scale testing studies and research for decades
u5|ng advanced consu |t|ng’ Ieadlng_ leﬁﬂzﬁ (QRA) Iﬁﬁ%ﬁﬁﬁﬁﬂﬂzﬂ - TX%@%%**@HE‘&IEJE—‘YE{’K VS #Q:ﬂ[ﬁ’f't - E//\}\\g %/ﬂﬁlzi&ﬁj}$m\
These include consequence modelling Provides various options of testing; Currently with local presence in
. tools, Quantitative Risk Assessment standardised vs specialised market leading regions
edge softwa re, and comprehenswe (QRA) tools, and pre-incident planning  _ 45 — 5 & ) §F — GexconZYH A BR—LE KK
_ H. e . . W
testing services. ﬁ;ﬁcﬁé\\/é;mcs‘ FTECTS, Certification of third-party equipment The consultants are involved in some

_ —  IAEAE T VBRI ALIFIRIE  of the world’s largest accident
X-Suite software tools: FLACS, EFFECTS, T AE R TR YT investigations

RISKCURVES Testing data is used to compile — R AR A A
— 5EHAF (FRED. Shepherd. PIPA)%K knowledge for X-Suite and validate the ~ 'he intersection of knowledge through
HTRERET&4H software and testing

software tools
Official distributor of Shell software

tools (FRED. Shepherd. PIPA)

Gexcon.com > >



AFEZEHKEEERN— R 3

GEXCON

All-in one solution for safety and risk management

EFFECTS Jio SR A5
EFFECTS Integral

Consequence Modelling

—  EFFECTS J& — K STk P S A B 3 A
T M e b 5 i = A bt 1 J5 2R
EFFECTS is an advanced user-friendly software
to analyse the consequences of the accidental
release of dangerous chemicals.

— CEVEAKR AR BRI A B
DAL A B = P2 AR B IR B /R
It calculates heat radiation from fires,
overpressure from explosion and toxic
concentrations/dose from dispersing clouds.

Gexcon.com

By FLACS CFD Je SR AR 1
B FLACS CFD Consequence
WYy Modelling

— FLACS & — @Iy Resm K H A4 A 47 k405t CFD
it?th TR fE R 2 i i B KR A&

FLACS is a powerful and comprehensive industry-

leading CFD software to simulate the dispersion
of hazardous materials, fire and explosion.

- EHA 30 AT RE, AR E SRR

W] 7RSI Tt % A i Tt ) 25

It features 3D visualisations that include effects
of real geometries, includes the effect of
implementing mitigation measures.

RISKCURVES QRA/ X[ #5541

X
B QQE RISKCURVES QRA*/

Risk Modelling

— RISKCURVES A& — s SGE KA, M AT

QRA, F T VPl E AR 150t - A7 i ALz d S s
Yo ) A o

RISKCURVES is an advanced software to

perform QRAs for storing and transporting
dangerous goods in process facilities.

ERETHRAREA B RN ARG SEEL, RIR4AR
A AR GRPAY 5 FN HIZR . 2 XU K]
ARG HE 42 4R

It presents location-specific individual risk
contours, individual risk per annum (IRPA).

fN curves, societal risk maps, and risk

ranking reports.

*Quantitative Risk Assessment
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A SEAUITEZEER Reliable calculation results GEXCON

ISP B2 1 5% Solid scientific background

e EFFECTS & RISKCURVES 3T TNO* & 14% ( Coloured Books )

« Y8R5 PURPLE BOOK

Em N HTHEE (Guidelines for quantitative risk assessment)
« ZLJZ15 RED BOOK

ME 206 58 21T 71 (Methods for determining and processing probabilities )
« W15 YELLOW BOOK

A EY) Ut A EE fE R STk

(Methods for the calculation of Physical Effects Due to releases of hazardous materials (liquids and gases))
« £J715 GREEN BOOK

A EH it T N B ARIE B AT REA 7 A TSRV

(Methods for the determination of possible damage to people and objects resulting from releases of hazardous materials)

"TNO - fif 22 5 FH B} T A2 . EFFECTS & RISKCURVES T+ 80 £EAR B YA v i b #9044 K A
*TNO - Netherlands Organisation for Applied Scientific Research. EFFECTS & RISKCURVES was first released as commercial software in the 1980s.

Gexcon.com 65 »p
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Comparison and verification of FLACS simulation results and explosion tests

1993-1996 50 methane explosion experiments with
varying congestion, confinement and ignition location (JIP
report 1995)

1993-1994 Extensive grid dependency study for explosion
modeling (JIP report 1994)

1994-1995 Blast propagation in the far field, 10 tests (JIP
report 1995)

1993-1996 >50 experiments with water deluge Gexcon
and BG experiments (JIP report 1996)

1994-1997 ~50 BFETS 2 & 3A large-scale explosion tests,
variation in ignition point, congestion and more (JIP
report 1998)

1994-1998 Ventilation studies vs wind measurements at
various oil platforms (e.g. Oseberg-C, Beryl-B, Nelson)

1997-1999 MOGELEG, Gexcon labscale experiments on the
effect of nitrogen and CO2 dilution (JIP report 1998)

1996-1999 SMEDIS, EU project on evaluation of dispersion
modeling (JIP report 1999)

1998-2000 Gexcon 50m3 and BFETS 3B large scale
dispersion and explosion tests (JIP report 2001)

2001-2004 100 lab-scale (Gexcon)+ 25 large-scale (Sandia)
hydrogen experiments (JIP report + ICHS-paper 2005)

2002-2004 Validation against Kit Fox, MUST and Prairie
Grass atmospheric dispersion tests (Hanna Atm Env 2004)

2005-2008 15 large scale LNG dispersion experiments
Burro&Coyote, Maplin Sands (Hansen, LPS 2007)

2004-2009 Various HySafe hydrogen dispersion and
explosion studies (Several papers by Hansen & Middha)

Gexcon.com

N7 P I H - (Blind prediction activities):
H2 dispersion INERIS 6C (18 HySafe partners)

Shell H2workshop ignited jets (HySafe)
Dispersion scenarios at Manhattan (PNNL)

Coal mine methane explosion tests (NIOSH)

10000

Simulafion { mbar)
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FLACS Experiment

FLACS-96 simulatlons versus experiments
Fine grid simulatlons {simulatlon time « 2 h)

BFETS {ullscale experimenis * -
EFETE full=cal imern= wilh vl " - -

.
= F B
=BG MERAGE [medium and large scake) - -
+ EG MEAGE (small scale) - -
m  EBG-180m3 chamber o - -
O BE-180m3 chamber wilh wate =pray e -
Shell SOLVEX (large scale - -
Shell SOLVEX (small =cale) - o.~
»  CMA MZ4 15 scale module - o, "
+ CMA M24 : imermadular gep - I
g CMA 30-COANER -
Experimeni = Simulafion Pt
— — — Upper 30% line -
= = Lower 20% line -

100 1000 10000
Expariment {mbar)
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Comparison of large-scale test and simulation results

High speed camera 1 HySea Test 27 High speed camera 2 N7
no. 27 A%

Test No. 27

AT ) S5 — 205 R
KR#Eas, BHimia21%
UE

The experiment on the right
is a 20-foot-long container
filled with 21% hydrogen gas.

Funded under
SOCIETAL CHALLENGES - Secure, clean and efficient
energy

Total cost (D)
€1 511 780,00

EU contribution (3)
€ 1 494 780,00

Coordinated by
GEXCONAS

2= Morway

> >
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CPU Time Comparison - Lagrangian Water Spray Model

IK %= - MRUN — GEXCON

Water Curtain- absorption  .oc
%%%ﬁ%&?&ﬁﬂ<% <J:|—m%/|\?‘lj]bifm> *Dﬁﬂ(% <‘F|—m%/|\?‘lﬂb%j> ° ' ’ CPUTime[3hourSJ ) ’
Ammonia dispersion without water curtain (two videos above) and with water curtain (two videos below)

Effect of Water Curtain on NHs Concentration
= no Water Curtain
MioleFractionFuel_ 30 AMMONLA (m3/m3) 25000+ [ with Water Curtain
MoteFractionFuel 30 AMMONIA [m3im3]
"€ 20000
o
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.2 15000+
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o
=
g 10000
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Experimental vs Simulated Efficiency
10 m 20 m 30 m MaleFractonFuel I0AMMONLA (m3m3) — 100 . . . -~
- 2 m  FLACS simulation: NO Absorption . //
MiodefractonFuel 30 AMMONIA [m3im3) ‘; ¢ FLACS simulation: WITH Absorption L
S sof XY 4
o -~ +50% Error 7
"] e L]
= | e -50% Error .
w - ’,’
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g ] -
E ° P
- (8]
Lo
m t’,
. &) : Ms
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™ L] 20 - K
. L 13 F P} x » &0 E s
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: -] 5 H-] 15 - Exl x n -1 _E
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e Lt 50 kA e il A i 20 40 60 80 100
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Gexcon.com Experiment: Dandrieux et al. J. Loss Prev. Process Ind. 14 (2001) 349-355 >»>
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The world's first 100,000-ton deepwater semi-submersible production storage

and offloading platform"Deep Sea No.1"

Gexcon.com
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2021 F 1 H 18 HAE AR S ASAT R ML, & A B 224 bR s
T B R IK I A T A e I AR K i TR 2 & it i /K P AR
HORRB, AR BT R RE ) DR E 2K RE T %2
A ISP oot ] R E o B N

It was delivered and set sail in Yantai, Shandong on January 18,
2021. Its successful delivery marks a major breakthrough in my
country's deepwater oil and gas field development capabilities
and deepwater marine engineering equipment construction
level. It is of great significance to enhancing my country’s
marine resource development capabilities, ensuring national
energy security and supporting the strategy of building a strong
maritime nation.

1200 H AR i B B 3T A Gy, R A G A
IR IS 1S N0 o e = B e S WAZR 1S 5% NN | S = B/ el i
Hy ER RIS N AR R SR, RN H 1 adE
1500 K ZUKIR R BRI H R Wit 5% 3E . 304
AR S A0 0 57 et SR AEAE N I 3T E N B BIER, I
v, 1022 Tk G A

During the construction phase, the project achieved three
world-class innovations, namely the world's first pillar oil
storage, the world's largest span semi-submersible platform
truss module technology, and the world's first use of wet semi-
pier large-scale closure technology in the dock on land. At the
same time, it used 13 domestically pioneering technologies,
including the design and installation of a 1,500-meter-deep
polyester cable mooring system, and the fatigue design and
testing of floating structures that do not require docking for
maintenance for 30 years, and overcame more than 10 industry
challenges. > >
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Comparison between 2D empirical formula model and 3D FLACS
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Influence of geometry

35 BE NS4 T S
B4 H 1 5H Free jet
Shielding effect of
the wall on the

|
high-velocity gas jet e
Y 2 N W il S
=1 B R 7
2D empirical formula
w
model does not support
= | this scenario

BH ZE (A Impinging jet 1SO #3548 (Mock Urban Setting Test)
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Effects of wind direction and geometry on dispersion

Ak : K]
Wind Direction Wind Direction

B RS A DX 4 1 S AR = AR AR
Area of Flammable

Vapor Cloud in Area

Bt 2L N W il S
2D empirical formula
model does not support
this scenario

—HZRHAREE AN E
" REER

2D empirical formula model
neglects the barrier effect
of obstacles

SR RS9 [X 5k
Congested Area

lgnition Sources

Gexcon.com > >
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Dispersion in real scenarios _—
G -
g - I
o BEAPRIRL/ AL TR, SRR LTRSS X R A 1

- : -
Integrated models/simplification tools do not account for the B
effects of geometric obstacles/terrain on explosions

= BERE AR TR AN Y 8, A 7 8 B Anf ) AT B L 20 25 A2
The ability to accurately predict leakage and diffusion is a
prerequisite for determining the explosion load.

o o =
o o g

Gexcon.com > >
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Propane leak (+X direction)

B LIRS
Analytical model
G

Lo

Loy w6 Eopnl o . -
¥ o i-“;_ - wama

G

S

% g

Gexcon.com

NPy
]

GEXCON

MiE: 2m/s
Wind speed: 2 m/s

RENERE AR = AR 5 BG4 DX 3 i A A B
The ratio of the volume of the explosion
concentration gas cloud to the volume of the
obstacle area

Flammable volume
(% of congested region)

21 2.6
2.5 0.6
2.4 2.6

B A fa s ) T oL

the least hazardous scenario

15 »p
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Leak and dispersion defects in simplified models
o ZALEESY R AR B S0 Ignore the effects of obstacles and terrain features
o s XU TR] AT 7 R 5] [7) (5 5 ) Assume that the wind direction is the same as the leakage direction (jet)
o RBRARGIR A 3h= (W) Assume that the liquid spill has no momentum (liquid pool)
o RO B B SR B EIEE SRR Assume that the gas dispersion around the leak location is radially

symmetric
Jet Pool
WwWind Wind

LFL > UFL
s -

Gexcon.com 16 »»



LNG#3skL GEXCON
LNG terminal

BAC R KT LT BHIE R

the dispersion of liquefied natural
gas across the water surface

Run: 100005
Var: FMOLE
Time: 390003.38 ms (13) 17 »r»

Gexcon.com
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Detectors placed near potential leaks are not working

T
. » s « 1

<& 18] BE AT E AR 23 KBk R
the challenges of placing
detectors at equal intervals

Gexcon.com 18 » b
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Simplified model analysis explosion defects

o (B AN G T FEAS ) BT 2 9 FE AR B I B PR 0 A
Assume that the average congestion of obstacles near the center o 1 barg o
of the gas cloud is symmetrically distributed %E: /
pu T
o BRI CEFHRRA., SRR 2
) o { i -
Assumed maximum flame speed (based on fuel type, gas cloud 15: =\‘ =\‘ m[:L:H . /: , :"l
volume, and obstacle congestion) E: ‘\ \\ 2 x% //’ : :,,'
o R S
LTI BRI 33 2 B P e
lgnore the effect of distant obstacles on pressure wave accumulation jEE
o
22-50 do % 0 40 o do % d 4o 2 b Jo b % 10 1o

Gexcon.com > >
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FLACS gas explosion simulation BRI o

Maximum Overpressures

B F AL B )
MNorth building

Above 7.0

7.0

6.5

" k= R e —
" Location of ignition point o T P S 2 L)
South building

50

45
40
35
30
o FEJESLBRIP) LA R
20 Consider the actual geometric layout

S U RRMEERE ORI

Calculation of local flame speed (flame acceleration)

Below 1.0

o« HIE RUAAL BN RE L ) BRSNS [ i BT AR

Consider the effects of ignition location and distant obstacles on
Gexcon.com pressure wave accumulation 20 PP

25
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Comparison of simplified tools and FLACS software
B NG R AT I EE{E 28 B Contour map of maximum overpressure distribution
BHIPRLCE

structural reinforcement for blast resistance o o
B g (barg)
Building design load (barg)

R RfUIRE CFD{=E!
building Simplified model CFD Model

North 1.1 1.1-6.0

South 7.7 2.1-111

Gexcon.com > >
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FLACS accurately calculates shock wave reflections

|
I

AWM & LR KE XN

the flame propagation of an explosion on an oil platform

BRYEMP R Y5 T2 A 5 A B S
the negative pressure region and shock
reflections formed as the blast wave overtops
the structure

Run: 199999

Var: PROD
Time: 891.80 ms (13)

Gexcon.com
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Hybrid use

fif HE K A TARBAT RE R, FHAER CFD IR Hr < s

Use empirical formula models for rapid screemng and CFD for in- depth analysus of critical bottlenecks.

& 1 B X R DR
R AL =
BRI, FEAR
HB =22 RA
Precise risk
assessment
enables space
optimization
and lowers fire
safety expenses

& ] Heat raciation grid (JetFre)
Webinar

Dwnamic Grid Control a
Selact & dynamic grd

O KRS A KU (3 kg/s IR

ﬂmﬁﬂﬁmﬁfcmﬁ M (3 kg/s MHRIEZE)
Jet Fire Radiation CFD Model (3 kg/s Leakage Rate)

Jet Fire Radiation Empirical Formula Model (3 kg/s Leakage Rate)

22596 A AL s i B 2% 8 AR ey 1 s A P e e B CFD 7M=& 1 BehS4)),  IF s md i K 4 BHL S A0 B e CFD
The empirical formula model emphasizes that other adjacent analysis takes obstacles into account and shows that the jet
devices with excessively high heat loads should be considered. fire is blocked and shielded

Gexcon.com > >
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Comparison of Simplified Tools and FLACS Software: Ammonia Leak Distance
o 205 BB R AL T BT HI 45 5 The red circles are the results of the simplification tool analysis
o WEO XIS FLACSEE LI 45 5 The blue area is the result of FLACS simulation
etk T B A 225 A — 2 PR 5F Results from simplified tools are not necessarily conservative

MUE 2 m/s RiE 5 m/s
Wind speed 2 m/s

] _— Wind speed 5 m/s

w1 [T o, in! pRis i = T i} ijn | ===
;g[umn%nétﬂﬂmﬂ |l R = TR e DECRLLE B ] 0 S 1
HEH = Ty SRR A L s S
%Z%EE EF'% D%jﬂﬁﬁ:%: = @EHZI:ID % 3;:%&5 EIEI' oo == = ﬂ\ﬁlﬂ:ﬂ] %
AT E T R | = N S T R SN | S =—t
%@ % g : s amﬂ% (i gﬁ : e ﬁfniuj]%
=] 0 e oS | RIS S “r ; is | mumsln
=] mﬂ_aﬁ” W 2 % dﬁ]ﬁ Eﬂ[EDED]]HiI === | =k =T
“f o= 2 F 5 TE0n i o I
«1 5 @é %E% . M gg:% oS B : 0]
= = - UHDDQEEE = ” “ﬂ]ELI“EE
e i %l ﬁﬁ s 2] = QDEEI'Tm
= E@ E e S, = mﬁ'ﬁé B % = B L B o
S0 TN e o o Emeape AEHEHT < Lo | Bunoas
=] HfPhd |mim mn b O ALt 3 PP EEBET I D =i i i
R ] | PR 5[] : 1]
o 200 a0 50 500 700 800 00 6 100 200 a0 4 50 800 70 0 '
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FLNG: Explosion simulation (Mixed Refrigerant, Plated First deck)
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-1 . ¢ ¢ ZHERHR Grate deck T sovoee

0.050
22~ .q-..l : -
0.045
20 00 Lyt P s ¥
] - )
16~ = @ an .
[ R I 0.035
14—
4o i 0.030
10 0.025
- —,— i - i
B " =
- 0.020
: I Il I I
4 aese as 0.015
QOO0
- v v e " )
2 PR - ; . - aes . . . -
.
= T T I T T T T T i T X (m)
20 M5 250 255 2680 288 270 s 280 288 290 295 300 308 310 s 320 325 330 335 140 Below 0.010
Job=110285. Var=FUEL (. Teme= 1,006 (s)
XZ plane, Y=-Z3m
Z(m
303
23_.
26 Above 5.0
54—
22 45
mq
4.0
18—
35
16—
14— 30
12 28
10 20
e 1.5
& 1.0
ol 05
21 :
== ]
240 245 250 255 260 265 270 275 280 288 250 25 00 305 0 Nns 320 325 330 335 340 Below 0.0

Job=110205 Var=PMAX (bang). Time= 1.0086 (s)
XZ plane, ¥=-23m

Gexcon.com > >



FPSOJENEAHL GEXCON

FPSO explosion simulation

Run: 010100
3D (volume)
: PMAX_3D (surface)
Time: 0.92 5 (73)

Gexcon.com
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FPSO gas dispersion simulation

FLACSIRHIFPSO_E o= fNitthimd &Y
XiE : FRX

XLE : 2m/s

HRAIE : (244.5, 12.5, 45.5)
SRR - 200kg/s

iHiE7319) : IERS BBIE : 021-58852770
ERAIRE20. 9% S = BR%E : china@gexcon.com

Gexcon.com
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FPSO fire simulation GEXCON







E}J*n Drag forces ([H /1)) v
Motivation R - %O\

Object ()| 107year_[10%vear

Piping in
Module M21
& TE D

Frequency of exceeding explosion overpressure

1.00E-03

—+— Local panels
-=- Global panels
1.00E-06

1.00E-07

Frequency (per year)

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0

Pressure (barg)

Traditional manner of reporting explosion study results

FESENT FU S Rk 5 HIAE SUE 5\

FLACS-Risk: Product presentation 2016
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Observing the overpressure of a 10,000-year explosion using new 3D visualization technology

Title: Explosion Overpressure with 10-4/yr Frequency
Description: 3D surface plot O - 1 bar

FEASFEA (1) T SR AG 5307 1.0 bar SN eyl X 4k s 5 A5 1.5-2 bar

(Global-wall value approx. (However local hot spot of 1.5-2 bar)

AR s 9 E $2020.5 bar

(Global module value approx. 0.5 bar)

Exc 10e-4 3D (bar)
— o 2.0

A E &R X 3R B
FI B R & 1545 R B A 1%
AR 14

Identify high-risk zones and
provide support in assessing
the necessity of mitigation
actions
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